Depressions of the serum albumin level are seen in clinical and in experimentally produced hyperglobulinemia (1-3); dextran infusions are also associated with hypoalbuminemia (4). However, the mechanisms for the production of these changes in albumin levels are not clearly defined. A colloid osmotic regulatory system has been postulated which effects control through either changes in plasma volume (1) or alterations in albumin metabolism (4). Previous studies employing dextran infusions supported the existence of a colloid osmotic regulatory mechanism in the control of serum albumin metabolism (4). The purpose of the studies reported here was to reexamine this hypothesis by measuring the rates of albumin synthesis and degradation during the development of induced hyperglobulinemia and after the attainment of this state.
Depressions of the serum albumin level are seen in clinical and in experimentally produced hyperglobulinemia (1-3); dextran infusions are also associated with hypoalbuminemia (4) . However, the mechanisms for the production of these changes in albumin levels are not clearly defined. A colloid osmotic regulatory system has been postulated which effects control through either changes in plasma volume (1) or alterations in albumin metabolism (4) . Previous studies employing dextran infusions supported the existence of a colloid osmotic regulatory mechanism in the control of serum albumin metabolism (4) . The purpose of the studies reported here was to reexamine this hypothesis by measuring the rates of albumin synthesis and degradation during the development of induced hyperglobulinemia and after the attainment of this state.
METHODS
Female rabbits were used in all studies. The rabbits were kept in metabolism cages, and complete urine and stool collections were made daily. All rabbits were fed a standard rabbit diet. Two to three drops of Lugol's solution was administered daily in the rabbits' drinking water to inhibit thyroid uptake of P"31.
The distribution and metabolism of albumin were measured by means of rabbit serum albumin labeled with P131. The procedures used to separate, purify, and iodinate the albumin have been described previously (5, 6) . All lots of I"~'-albumin were tested in control rabbits to guard against the use of a preparation that contained a significant fraction of denatured material (5) .
Seven rabbits received an injection of 50 to 75 ,uc of albumin-I.31 into an ear vein. Heparinized blood samples were obtained from the contralateral ear 6 and 10 minutes after the injection and at daily intervals thereafter. Control observations were made daily on the excretion of radioactivity in urine and stool for 11 to 15 days. At the end of the control period, 3 ml of a formalin-treated polyvalent pneumoccocal vaccine, containing 1 X 109 organisms per ml, was injected intravenously every 3 days until the development of hyperglobulinemia and hypoalbuminemia (4 to 6 months). At this time the hyperimmunized rabbits received a second injection of albumin-I131, and observations of radioactivity in plasma, urine, and stool were made for 10 to 15 days while vaccine injections were continued. Four rabbits from this group were rested until the serum proteins had returned to control levels (3 to 5 months) and then received an injection of 300 gc of albumin-I131 about 2 weeks before reinstitution of vaccine administration which lasted 26 to 34 days. Observations on albumin-I131 metabolism were continued throughout the period of immunization. Another injection of albumin-I"l was made at the end of immunization to remeasure albumin distribution and the total exchangeable albumin pool. Thus, albumin metabolism was first studied during what might be considered a relatively steady state during the long first immunization period. After the serum proteins had returned to normal values, albumin metabolism was studied in the changing state during an anamnestic response.
The pneumococcal vaccine was prepared from types I, II, VI, IX, XI, and XIV D, which previously had been passed through mice to assure virulence and good capsule formation (except XIV D, known to be avirulent for mice). Neopeptone broth cultures were then treated with formalin, washed with, and resuspended in saline. A final quelling test was performed. Mouse passage of stock pneumococcal cultures was performed every 3 months.
Plasma volume (PV) was determined from the mean space of distribution of the albumin-I131 at 6 and 10 minutes after injection. Total exchangeable albumin (TEA) was determined from the product of the space of distribution of the injected albumin-I"~at distribution equilibrium and the plasma albumin concentration. (7, 8) . The fraction of the total exchangeable albumin pool located intravascularly was determined from the values for total plasma albumin and total exchangeable albumin. The rate of albumin degradation during the control and experimental periods was determined from the product of the renal clearance of I'
(fAc P"31 excreted per day/hc albumin I"31 per ml plasma) released from degraded protein and the plasma albumin concentration. Fecal excretion of P"31 during the periods of study did not amount to more than 3 to 4 per cent of the administered dose. This amount was included in the urinary excretion. This procedure, the metabolic clearance method, has the advantage of being valid even in nonsteady states and has been discussed previously (5, 7, 9, 10). During control periods plasma albumin concentrations remained constant. It was therefore assumed that steadystate conditions, with respect to albumin metabolism, existed and that the rate of albumin degradation equaled the rate of albumin synthesis. After hyperimmunization was achieved (4 to 6 months after the start of vaccination), plasma protein concentrations, although at new levels, remained relatively constant, and again albumin synthesis was assumed to approximate albumin degradation. The total amount of albumin degraded during the experimental and control periods was obtained from the sum of the daily values of the amount of albumin degraded, as determined by the clearance method.
In the four rabbits studied during the development of hypergammaglobulinemia in the anamnestic phase of immunization, control and experimental observations on albumin metabolism were made with a single dose of albumin-I"3' so that control and experimental values for albumin degradation could be obtained consecutively. The net change in albumin synthesis was obtained from the difference between the total amount degraded during the control and immunization period and the change in the total exchangeable albumin pool as determined from the first and second injection of albumin-I"3 (the latter used to determine albumin pool size and distribution).
Plasma, urine, and stool samples were assayed for I in a well-type scintillation counter with a sensitivity of 8.0 X 10' cpm per /Ac .I" above a background of 160 cpm.
Total plasma protein was determined by a microKjeldahl method. Concentration of plasma albumin and the protein partition were determined by boundary electrophoresis employing a Kern microelectrophoretic unit as previously described (4) . Some & the plasma samples were examined by paper electrophoresis, stained quantitatively with bromphenol blue, and protein partition was determined with a Spinco Analytrol (11) .
RESULTS
Data pertaining to albumin distribution after the production of experimental hyperglobulinemia are presented in Table I . The rabbits showed a weight Gamma globulin values 1 rose from 0.75 to 3.8 g per 100 ml. During the period of re-exposure to the vaccine, total protein rose 52 per cent while albumin concentration decreased by 41 per cent. Gamma globulin concentration rose from 0.84 to 6.1gper lOOml.
In the steady state following the first course of immunization, the mean total exchangeable albumin pool fell 22 per cent, and albumin degradation and presumably albumin synthesis decreased 17 1 The control values for -y globulin derived from the Kern data are at times difficult to interpret owing to the small number of interference fringes involved. However, the values reported here agree with those reported by others (2) and with the data obtained by paper electrophoresis. 
DISCUSSION
The administration of a polyvalent pneumococcal vaccine is an effective means of producing hyperglobulinemia in rabbits, particularly in animals which are re-exposed to this material. No untoward effects of the vaccine were noted, and all animals behaved normally during both the first immunization course and anamnestic response.
During the first immunization course, some 4 to 6 months of treatment were required before the rabbits demonstrated significant changes in total plasma protein concentration or change in albumin: globulin ratio. By this time, however, there was a significant fall in the absolute rate of albumin degradation. The total exchangeable albumin pool was also lower and thus not only did albumin synthesis fall, but for some period must have been even less than albumin degradation to account for the loss of exchangeable albumin. Although the absolute amount of albumin degraded per day was lower than the control value, the fractional rate for albumin degradation was unchanged from the control (Figure 3) . It can thus be seen that the fractional turnover rate, per se, will give no indication of changes that occurred in the synthetic and degradative rates at the new steady state. 2 This value is calculated from albumin degradation (grams per kilogram per day) divided by the TEA (grams per kilogram). The value for TEA during the anamnestic development of hyperglobulinemia was taken to be the average TEA of the control and experimental period. During the anamnestic response, hypergammaglobulinemia and hypoalbuminemia developed rapidly, and maximal effects were noticed after 2 to 3 weeks of continued immunization. The decrease in plasma albumin concentrations can be partly explained by dilution, since there was an increase in the total apparent space for albumin distribution. The amount of albumin degraded remained at control levels until the plasma albumin concentration fell. Since the total albumin pool was declining in the face of a constant amount of albumin degraded, there was initially an actual increase in the fractional rate of albumin degradation. These observations indicate that albumin synthesis was deficient during this interval and resulted in the observed decrease in the albumin concentration and total pool of exchangeable albumin. In support of this interpretation of the sequence of events is the finding that albumin degradation fell to low levels at the end of the experimental period just prior to the reinjection of albumin-I131. This level of albumin degradation approximated the calculated daily rate for albumin synthesis determined for the whole experimental period, suggesting that equilibrium between degradation and synthesis was again being approached. The loss in total albumin must have occurred prior to this period.
In evaluating the decrease in albumin synthesis, in the presence of a rapidly increasing globulin production,3 the available amino acid pool must be considered. Starvation and malnutrition in children have resulted in a depressed albumin concentration (14) . Also, depressed albumin levels have been seen in patients with carcinoma (15) . Lowered albumin synthesis has been considered the cause in both conditions (14, 15) . In addition, there are reports that increased nitrogen intake results in an increased rate of protein turnover (16, 17) . It seems possible that the stimulation of synthesis of one protein at a rapid rate may, at least temporarily, interfere competitively with the synthesis of others, as has been suggested (18, 19) .
While albumin distribution was not grossly altered in either study, and the plasma volume remained unaltered after the first immunization, there was an increase in plasma volume associated with the rapid production of hyperglobulinemia during the anamnestic response. This observation would be consistent with the maintenance of equilibrium in osmotic forces that occurs during the slow buildup of globulin levels but not during the rapid development of hyperglobulinemia. In the latter case, albumin synthesis decreased but not rapidly enough to allow for osmotic equilibrium without a change in plasma volume in the presence of the marked increment in circulating y globulin. As a result of the increase in plasma volume, the calculated colloidal osmotic pressure was not significantly altered in spite of the rapid rise in av-globulin concentration (Table III) .
Albumin degradation decreased in both studies but, during the anamnestic response, only after albumin levels had fallen to low values. This observation agrees with that seen during dextran in- Table  III must be only an approximation of the actual state, since rabbit serum proteins may differ somewhat in molecular weight and charge from those observed for human serum proteins and, in addition, the contribution of -y-globulin to osmotic pressure may differ from the predicted values. However, the interpretation is probably valid, since the rabbits did demonstrate a return toward a new equilibrium state in terms of albumin metabolism and distribution, and it seems reasonable to assume that even if the quantitative values given above are not accurate, the trend toward a colloid osmotic balance is present.
In a previous paper (4) a decrease in plasma albumin concentration of 1.43 g per 100 ml was reported as being equivalent to a decrease in calculated osmotic pressure of 7.6 mm Hg. This value should have been 6.0 mm Hg. This change does not affect the conclusions.
t Albumin molecular weight assumed to be 69,000 with a net charge of -18 at pH 7.4 (21, 22) . $ Globulin molecular weight assumed to be 150,000 with a net charge of -8 at pH 7.4 (21, 22) . fusions (4) , and suggests that the quantity of the albumin degraded may be related to albumin concentration or pool size.
Such a relationship, however, is not present for albumin synthesis. The presence of a low albumin concentration in both the first and anamnestic immunizations did not result in increased albumin production. Actually, the lowest values for albumin synthesis were associated with the lowest albumin levels. Likewise, the depressed serum albumin levels produced by means of continued dextran infusions were neither accompanied nor followed by an increase in albumin production (4) . In addition, the observed dextran-induced depression of albumin synthesis (4) could not be interpreted as being due to an insufficient pool of amino acids, particularly in view of the reported nitrogensparing action of dextran (20) . Thus, the available evidence indicates that the actual level of circulating albumin does not act as an appropriate stimulus to albumin synthesis. Albumin, dextran, and y globulin, however, all contribute to colloid concentration, and changes in the concentration of any one of these can affect colloid osmotic pressure. If an osmotic regulatory system exists and acts by exerting control over albumin synthesis, a decrease in albumin synthesis would follow the addition of these macromolecules to the circulation. The present studies indicate such a reciprocal relationship between y globulin and albumin and suggest the following chain of events in globulin and albumin metabolism. If globulin synthesis increases slowly, albumin synthesis decreases slowly until the albumin pool size and concentration are reduced to levels consistent with a normal oncotic pressure with a normal plasma volume. However, when globulin levels rise rapidly, the decrease in albumin synthesis is apparently insufficient to lower albumin levels rapidly enough to prevent the plasma volume expansion. While certain reservations must be retained, the results of the present studies support the concept that colloid osmotic pressure plays an important role in the rate of albumin production.
SUM MARY
1. By means of a polyvalent pneumococcal vaccine, the effects of hyperimmunization on albumin metabolism were studied in seven female rabbits during a first immunization period and in four female rabbits during an anamnestic response.
2. In the presence of hypergammaglobulinemia, produced slowly during a first immunization period, the plasma volume and total apparent space for albumin distribution were unaltered. Albumin degradation decreased 17 per cent and the albumin pool size by 22 per cent; albumin synthesis. therefore, must have decreased significantly.
3. During the rapid development of hypergammaglobulinemia, in secondary immunization, there was a 24 per cent increase in plasma volume associated with a decrease in the total albumin pool of 27 per cent and a decrease in albumin synthesis of 23 per cent.
4. The alterations in albumin synthesis observed in the presence of hypergammaglobulinemia are consistent with the concept of an osmotic regulatory mechanism controlling albumin synthesis.
